Background: Low body mass index (BMI) is suspected of being associated with low transdermal fentanyl (TDF) blood levels and worse pain relief. Clinical pain data to support this claim are lacking. Methods: Using a Chronic Pain Registry, we identified 901 cancer patients who received TDF at outpatient pain service clinics of our cancer center from 7/1/2011 to 12/1/2016. Of these, 240 patients had a BMI measure, pain intensity, and pain relief scores documented within 30 days of a TDF order. We examined associations between BMI, TDF dose, Worst and Least pain scores, and pain relief scores using standard statistical tests. Results: In cancer patients receiving TDF, low BMI (<18.5) was significantly associated with greater pain relief irrespective of TDF dose and borderline significantly associated with greater percent pain relief after controlling for age, cancer diagnoses, and pain etiology (P = .073), suggesting that low BMI may independently predict better pain relief in cancer patients. As there were no significant associations between BMI and TDF dose, we find no basis for BMI-dependent dose modification or avoiding TDF in cachectic and low BMI patients. Conclusions: When predicting percent pain relief, we conclude that there is no basis for avoiding TDF or modifying its dose in cancer patients with low BMI and cachexia.
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MORYL et aL 1 | BACKGROUND Transdermal fentanyl (TDF) is one of the most common opioids prescribed to patients with cancer. [1] [2] [3] TDF offers multiple advantages compared to other opioids. TDF has lower incidence and severity of adverse effects such as constipation, nausea and vomiting, and daytime drowsiness. Patients report both greater satisfaction and improved quality of life. Administration every 72 hours favors improved convenience and compliance. In addition, patients receiving TDF had less use of rescue medications. 4 Transdermal fentanyl may be useful especially in patients with chemotherapy and radiation-induced mucositis, gastrointestinal obstruction, patients with other gastrointestinal problems that may interfere with absorption, and patients who are unable to swallow. It is also advantageous for patients who forget to take their prescription medications, have dementia or cognitive impairment from brain metastases, as well as for patients for whom there is concern about compliance. Many of these factors are seen in patients with low body weight during treatment (eg, cachexia during radiation for head and neck cancer) and in advanced cancer patients with high prevalence of weight loss and cachexia.
Previously, delivery rate-adjusted serum fentanyl concentration has been shown to vary widely. 5, 6 Many studies explored clinical and genetic factors responsible for such variability. Fentanyl is mainly metabolized in the liver by CYP3A4 into inactive metabolites and fentanyl clearance varies greatly in liver disease. 6, 7 Elimination of fentanyl and metabolites is not influenced by moderate to severe renal impairment. 6, 8 Age has been proposed to be a factor in different phases of pharmacokinetics, 9, 10 however, the overall influence of age is thought to be insignificant in clinical practice. 11 Studies do not support significant influence of gender on TDF absorption. 6, 8, 9, 12, 13 Hyperhidrosis, hypertrichosis, and localization of patches on the skin were found to not affect bioavailability of TDF. 10 Effects of low albumin on serum fentanyl concentrations at 9-24 hours after application of the patch 13 were not found to be relevant in a large crosssectional clinical study. 6 Body mass index (BMI) has been suspected of being associated with lower fentanyl blood levels in cachectic patients. 14 In a small 3-day prospective study of 10 cachectic and 10 normal weight cancer pain patients, mean TDF dose in patients with normal body weight was more than double (86 ± 29 mcg/h) of what it was in cachectic patients (42 ± 10 mcg/h). Although the number of evaluable subjects was 18 and pain report was similar among the cachectic and normal weight subjects, this report has been cited as a reason to avoid TDF in patients with low BMI. This concern has influenced clinical practice and guidelines. 15 Later studies of residual fentanyl remaining in fully used TDF patches showed no associations with BMI. 8, 11 In a recent comprehensive study of 620 cancer pain patients, less than 50% of variability in serum fentanyl concentrations was accounted for by combined CYP3A4/5 genotypes and clinical variables including dose, sex, co-medications, kidney disease, BMI, and serum albumin. 6 In contrast to the previous prospective small study showing an association of higher BMI with higher serum fentanyl concentration, 14 the authors of a large 620 patient study found that higher BMI was (weakly) associated with lower serum fentanyl concentrations. 6 Regretfully, this large comprehensive study didn't report pain or pain relief outcomes.
In a recent study of 129 cancer pain patients undergoing opioid rotation from strong opioids to TDF, the equianalgesic ratio was not significantly impacted by BMI or serum albumin. 1 The authors however excluded 41% of patients whose pain escalated. Data on how BMI affects clinical pain control (pain levels and percent pain relief) in patients on TDF are lacking. The purpose of this study was to determine the associations between two different classifications of BMI, the TDF dose, Worst and Least pain scores, and pain relief and ultimately whether there is a basis to avoid TDF in patients with low BMI or for a BMIdependent dose modification of TDF dosing in cancer patients.
| MATERIALS AND METHODS
The Institutional Review Board at Memorial Sloan Kettering Cancer Center approved the Patient-Reported Outcomes (PRO) Pain Registry project that included patients seen in outpatient pain clinics between 7/1/2011 and 12/1/2016.
| Patient assessments
We collected information regarding patient demographics, TDF dose, and BMI from the electronic medical record. Among the PRO, Worst and Least pain intensity scores, and percent pain relief were collected as part of the Brief Pain Inventory. 1, 16 Cancer diagnoses were classified according to the American Cancer Society cancer classification, 2018, American Cancer Society.
| Eligible patients
Patients over 18 years old who completed PRO including Worst and Least pain and percentage pain relief within 30 days after receiving TDF prescription and with BMI recorded within 30 days were included in the analysis. As each patient received TDF for at least 30 days prior to completing PRO we assume that the patients had come to steady state. 17 
| Statistical methods
Our primary objective was to evaluate the correlations between BMI, TDF dose, Worst and Least pain, and pain relief.
Two different classifications of BMI were used:
1. Five BMI categories (<20, 20-21.9, 22-24.9, 35-27.9, ≥28), described in a recent study of BMI as a prognostic indicator in cancer patients. 18 
Four BMI categories (underweight or BMI of <18.5,
Normal weight or BMI of 18.5 to <25, Overweight or BMI of 25.0 to <30, and obese or BMI ≥30) used by Center for Disease Control (CDC). 19 Data were summarized first using standard descriptive statistics. Then, associations between categorical variables were examined by chi-square tests or Fisher exact tests. Kruskal-Wallis nonparametric one-way analysis of variance test was used to examine differences in continuous variables between four or five BMI groups. Correlations were assessed using the Spearman correlation coefficient. Linear regression models were applied to estimate the linear associations between predictor variables of BMI categories and TDF dose only and dependent variables. Subsequently, regression models were re-analyzed adding the covariates of Age, Cancer Diagnosis, and Pain Etiology (cancer pain vs. cancer treatment-related pain in a patient with cancer in remission) to the regression models with BMI categories and TDF dose. All P values < .05 were considered statistically significant. All computations were carried out in SAS software (version 9.4; SAS Institute Inc, Cary, NC).
| RESULTS
Of 2320 cancer pain patients that took part in the prospective PRO project in pain clinics of a tertiary cancer center between 7/1/2011 and 12/1/2016, 901 patients received TDF. Of these, 240 patients satisfied inclusion criteria of having three measures of interest: a BMI measure, a TDF dose recorded within 30 days of a Worst and a Least pain intensity score, and a percent pain relief score. Of 240 patients included in analysis, 124 were females, 193 self-reported their race as white, 27 as black, 7 as Other, Asian or Native Indian, and 13 refused to answer. Median age was 60 with interquartile range of 52-70 and full range from 22 to 98. Cancer diagnoses classified according to the American Cancer Society cancer classification, 2018, American Cancer Society, Inc, Surveillance Research are listed in Table 1 .
When using BMI classification A, 17 there were 30 to 70 subjects per each category. Patients with BMI < 20 reported the most pain relief (67%) and lowest Least pain (2.7) ( Figure 1 ), whereas receiving the lowest average TDF dose (Figures 3 and 4 ). This TDF dose approximates the use of a 62.5 mcg TDF patch. Differences in TDF dose and pain levels were not statistically significant by BMI category. When using BMI as a continuous variable, correlations with worst pain or least pain were not significant (Tables 2  and 3 ; P ≥ .25). Also differences in TDF dose and pain levels were not statistically significant by BMI category. In a regression analysis to predict percent pain relief (Table 4) , TDF dose was not significant but BMI category <20 was borderline significantly associated with greater percent pain relief (P = .077). When predicting percent pain relief, the BMI category of <18.5 was significantly associated with greater pain relief irrespective of TDF dose (P = .038) ( Table 5 ).
In regression analysis to predict TDF dose, no BMI categories were statistically significant (P > .101). When (Table 7) , neither TDF dose nor either categorization of BMI was statistically significant. However, as expected, least and worst pain were strongly inversely associated with percent pain relief. Of the covariates of age, cancer diagnosis, and pain etiology (cancer pain vs. cancer treatment-related pain in a patient with cancer in remission), the only significant covariate associated with higher fentanyl dose was age under 25 (P ≤ .004). The only significant covariate associated with greater least pain was cancer of oral cavity and pharynx (P ≤ .049) controlling for either four or five BMI categories and other covariates.
| DISCUSSION
Our study is the first prospective clinical effectiveness study to evaluate potential associations between TDF, BMI, and clinical pain outcomes in cancer pain patients. While generally consistent with the American Cancer Society (ACS) and previously published results of all patients in our Pain Registry, 16 not surprisingly, our patient cohort treated with TDF had a much higher rate of patients with oral cavity, pharyngeal, and laryngeal cancers (8%) compared to the rate of <4% reported by the ACS for the general population.
Low BMI (<18.5) was significantly associated with greater pain relief irrespective of TDF dose and borderline significantly associated with greater percent pain relief after controlling for age, cancer diagnoses, and pain etiology (P = .073), suggesting that low BMI may independently predict better pain relief in cancer patients. As there were no significant associations between BMI and TDF dose, we find no basis for BMI-dependent dose modification or avoiding TDF in cachectic and low BMI patients. 
